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Introduction
Prostate cancer is the 2 nd most cancer among men and the 4 th most common cancer in both
sexes.Approximately 1.1 million patients were diagnosed with prostate cancer in 2012 according to globocan [1] . Moreover, prostate cancer is the 5 th leading cause of mortality from cancer in men [2] . Principles of therapy of patients with prostate cancer have incorporated multiple domains; namely: patient domain (fitness, and co-morbidity) and tumor domain (stage and grade) [3] . Successive editions from the most common staging system for prostate cancer (the American Joint Committee on Cancer (AJCC)) system have been published reflecting progress in our understanding of prostate cancer biology and prognosis. The most recent edition (8 th edition)
has been published in December 2016 and its implementation was delayed till January 2018 [4, 5] . Notable changes in the 8 th edition include: (1) pathologically organ-confined disease should be considered as pT2 and should not be classified based on extent or laterality. Table 1 [6] [7] . It has to be noted that the first publication proposing the grade group approach to prostate cancer was from Hopkins group [8] .
External validation of the prognostic significance of these changes among different population-based databases and comparing new vs. older AJCC editions would confirm its prognostic impact; moreover, it may point out potential gaps whereby further improvements in the staging system are needed. Surveillance, epidemiology and end results (SEER) database is a valid choice for this external validation as well as for exploration of future refinements given its broad coverage and rigorous quality assurance [9] . Given the presence of two versions of AJCC staging system for prostate cancer based on the method of staging (i.e. clinical versus pathological staging), the current analysis is restricted to clinically staged patients in order to ensure homogeneity of the patient population.
Objective
The objective is to validate the prognostic value of the changes put forward in the 8 th edition of the AJCC staging system in a cohort of patients with clinically staged prostate cancer registered within the SEER database.
Methodology
The records of this study were extracted from the SEER-18 registry [10] ; in order to accomplish this, SEER Ã Stat software Version 8.3.4 was employed.
a. Selection of the study cohort In the current study, cancer-specific survival was defined as time from diagnosis to death from prostate cancer. Available SEER data about systemic as well as radiation therapy were limited by incompleteness and uncertainty (data were available as yes or no/unknown); thus, they were not included into the current analysis. Data about performance status of the patients as well as co-morbidity were not recorded in the SEER database.
c. Statistical considerations
In this analysis, Kaplan-Meier analysis as well as log-rank testing was used for survival comparisons (both cancer-specific and overall survival) according to 6 th , 7 th and 8 th editions of the AJCC. Regarding cancer-specific survival, cases that were alive at the end of the study as well as cases who died of causes other than cancer were censored. Median follow up for the whole cohort is 26 months.Post hoc Bonferroni correction for multiple survival comparisons was not implemented to avoid the risk of exaggerating a type II error (in the presence of numerous pair wise comparisons).Cox proportional hazard model was utilized to conduct multivariate analyses; and hazard ratios (with corresponding 95% CI) were produced for factors affecting cancer-specific and overall survival for the subgroup of patients with clinically localized disease as well as the subgroup of patients with advanced disease.Verification of the proportional hazard assumption was made though graphical assessment of the hazard plots. A result would be considered statistically significant if a two-tailed P value was < 0.05. Moreover, a concordance index (c-index) using both death from prostate cancer and death from any cause as the dependent variables was evaluated for each of the three AJCC editions (6 th , 7 th and 8 th ). C-index was calculated through binary logistic regression followed by area under the receiver operating characteristics curve were calculated. Its value gives additional insight into the discriminatory ability of each of the AJCC staging system editions. C-index was calculated for both death from prostate cancer and death from any cause in order to give extra insight about cancer-specific survival as well as overall survival. An additional modification to the sub-staging of clinically localized disease (stage I, II, III) as well as advanced disease (stage IV) was also proposed and evaluated in this study. All of the analyses were performed through SPSS Statistics 20.0 (IBM, NY). Results of c-index assessment for cancer-specific survival for the three editions were as follows: c-index for AJCC 6 th edition was 0.816; c-index for AJCC 7 th edition was 0.897; c-index for AJCC 8 th edition was 0.907. On the other hand, results of c-index assessment for overall survival for the three editions were as follows: c-index for AJCC 6 th edition was 0.627; c-index for AJCC 7 th edition was 0.704; c-index for AJCC 8 th edition was 0.710.
Results

c. Proposed modifications to the AJCC 8 th edition
Based on the results above, two sets of modifications to the AJCC 8 th edition were formulated and proposed. For clinically localized disease (i.e. T any, N0, M0), three risk groups were Prostate cancer 8 th AJCC system proposed corresponding to stage I, stage II (IIA/IIB/IIC) and stage III (IIIA/IIIB/IIIC). Pair wise comparison between all different stages with log rank testing was conducted for both cancer-specific and overall survival. For both cancer-specific and overall survival, all pair wise P values for comparisons were <0.0001 " Fig 3A and 3B" . Moreover, all P values for pair wise comparisons in a multivariate model of factors affecting cancer-specific and overall survival (adjusted for age, race, marital status and year of diagnosis) were also significant (P<0.0001) ( Table 3) .
For advanced prostate cancer (N1 orM1 disease), further sub-staging was proposed according to M1 sub-stage (i.e.N1, M1a, M1b and M1c). Pair wise comparison between these new sub-stages with log rank testing was conducted for both cancer-specific and overall survival. For both cancer-specific and overall survival, all pair wise P values for comparisons were <0.0001 " Fig 3C and 3D" . Moreover, all P values for pair wise comparisons in a multivariate model of factors affecting cancer-specific and overall survival (adjusted for age, race, grade group, baseline PSA level, marital status and year of diagnosis) were also significant (P<0.0001) (Table 4) . Additionally, Table 5 summarized five year cancer-specific survival rates according to the proposed sub-stages for advanced disease.
Discussion
The current study provided an external validation to the prognostic performance of the AJCC 8 th staging system for prostate cancer. Compared to older staging systems (6 th and 7 th ), the 8 th system is more discriminatoryand the new sub-stages introduced within the 8 th system are prognostically relevant. Additionally, stages I, II and III in the 8 th system correspond to three Prostate cancer 8 th AJCC system distinct risk groups in the clinically localized setting. Moreover, new sub-stages should be introduced based on the site and extent of metastatic disease in the advanced setting. Numerous prognostic tools have been proposed for prostate cancer both in the clinically localized as well as advanced settings. These models were evaluated by the committee of the precision medicine core of the AJCC [12, 13] . However, none of the models evaluating clinically localized disease were endorsed by the AJCC because of a reported lack of validation of survival impact. The current SEER analysis provided a survival validation for a three-risk groups system in the localized setting based on the 8 th AJCC system. Moreover, only two of the models in advanced disease were endorsed by the AJCC [14, 15] . These models deal with castrate-resistant prostate cancer rather than treatment-naïve disease. P values for pair wise comparisons between different stages were not consistently significant between cancer-specific and overall survival. This may be ascribed to unknown differences in baseline co-morbidities which may have contributed to an imbalance of non cancer-related deaths and hence inconsistent P value for both endpoints.
Major limitations of this analysis include: 1) No sufficiently reliable information about both systemic and radiation treatments in the SEER database. The absence of sufficient treatment details calls for extra caution when dealing with the results of this analysis particularly with regards to the proposals for combining stages IIA/IIB/IIC or stages IIIA/IIB/IIC. Some of the observed overlaps among these sub-stages may be related to unknown treatment differences rather than inherent biological similarity.2) No information about performance status and comorbidities of the included patients; accordingly, the analysis has been based on cancer-specific in addition to overall survival in order to avoid the potential confounding effect resulting from unknown associated co-morbidities.
Following the publication of the 7 th edition of TNM staging system for prostate cancer, a number of validation studies have been published and they showed an evidence of improvement for the 7 th system compared to the 6 th system [16, 17] .
The 8 th edition of the AJCC staging system places more emphasis on the histological grade as a determinant factor in the stage grouping. The more enhanced role of disease biology in the staging is based on numerous analyses which point out the pivotal role of disease biology in determining prostate cancer outcomes [18, 19] . 
